Abstract-In this paper we suggest a simple, practical and cost effective localization scheme that can be used to manually deploy wireless sensors to form wireless sensor networks (WSNs). We test our scheme exclusively in outdoor environments using commercially available IRIS XM2110 sensor motes. 
INTRODUCTION
Wireless Sensor Networks (WSNs) consists of spatially distributed, fabricated autonomous sensors to monitor physical or environmental conditions, such as temperature, sound, pressure, light, volatile organic compounds and many other phenomenon of interest over large sequential scales [1, 2, 3] . They have recently generated a lot of concern among research communities and have been identified as one of the most exceptional technology during the last few decades [4] . With advancements in the field of engineering and technology, sensor networks find more thriving grounds for a variety of applications pertaining to environment, defense, human health, industry and agriculture [5] . The above cited application domains require accurate knowledge about the deployment location of the sensors. Sensor network localization schemes are fundamentally essential for obtaining location information of sensor nodes and are an active area of research [6, 7, 8, 9, 10] . However, despite the attention these schemes have received, accurate localization is still a problem that remains unsolved in real deployments since majority of the proposed schemes have only been tested with simulation scenarios under ideal conditions. Therefore for reliable localization of sensor nodes in real environments a customized hardware-software solution is of course a better choice. In this paper we propose a simple, practical and cost effective scheme for location estimation of manually deployed sensor nodes. Experiments are performed using IRIS XM2110 motes supported by global positioning system (GPS). The visualization and monitoring of network is performed on Mote View2.0.F developed by Crossbow Technology TM [11] . The location information of deployed sensor nodes is obtained in terms of relative latitude and longitude. The values of latitude and longitude obtained are used to calculate the intermediate distance between the deployed IRIS XM21110 sensor motes using the Haversine formula for spherical earth [12] . The rest of the paper is as follows. In Section II we describe the important functional aspects of commercially available wireless sensor motes. Section III presents the review of various data visualization and monitoring tools for WSNs. The key features and technical aspects of Mote View2.0.F are discussed in Section IV. Section V briefly highlights the internal components and specifications of IRIS XM2110 sensor mote. The system model and experimental results are shown in Section VI. Finally, Section VI concludes this paper.
II.FUNCTIONAL ASPECTS OF WIRELESS SENSOR MOTES
WSNs are formed using commercially available sensor nodes called as motes in a variety of ways to address different priorities and make the appropriate technology trade-offs based on the necessities of the application. The self powered motes facilitate easy deployment and long network lifetime. These motes also support pervasive and fine-grained sensing and exhibit some universal features. This section summarizes the desired functional aspects of wireless sensor motes, selected from preferred literature [13] .
(1) Low power consumption to support long-term operation, the power consumption of the radio link must be minimized so that motes are powered by compact and lightweight batteries.
(2) Scalability so that the quantity of motes are able to support future growth without causing much overhead.
(3) Responsiveness towards topology discovery and rediscovery especially for applications where motes are expected to be mobile.
(4) Adjustable range to emit low strength radio frequency signals at short distances for a number of times than to emit higher strength radio frequency signals at longer distances.
(5) Bi-directional communication with the gateway to enable transmission of signals according to the operating parameters.
(6) Reliability in critical applications especially in medical monitoring and defense.
(7) Small module form factor so that the motes fit inside a limited space and can be attached to other devices.
(8) Multi-Hop capability to send messages (peer-to-peer to a base station/gateway) within the defined range.
(9) Self-Configurable to form a network without human intervention.
(10) Self-Healing and capable of addition and removal automatically without network reset.
(11) Dynamic to adaptively determine the routes under varying network conditions (e.g., link quality, hop-count and gradient). needs to be receptive and shift the data rapidly. Second, it must offer a consequential assessment of the network status. Third, it must ensure data availability from the network to the end user in the most effectual and functional manner. In majority of sensor network applications, data monitoring and visualization is crucial since the data gathered from the network is usually saved in numerical form in a central base station. There are many programs that facilitate the viewing of large amount of collected data. These special programs for data monitoring are termed as visualization tools [14] . Visualization tools support different data types for visualizing the information over a flexible multi-layer. This section presents a brief description of visualization tools especially designed and developed for sensor network applications.
(1) Spy Glass [15] is used for sensor network debugging for visualizing the sensor network topology, the network state and the data sensed from the network. Spy Glass has a very flexible drawing and plug in architecture. The visualization framework consists mainly three major functional entities: The sensor network, the gateway nodes located in the sensor network and the visualization software.
(2) TinyViz [16] is an application specific software framework for user plug-in. It can be modified to suite specific simulation requirements. It is used for visualization of sensor readings, radio links and allows direct interaction with running simulations. The architecture allows addition of application specific visualization functionality and includes specialized drawing operations, subscription and reaction to events. It is tightly coupled to the TinyOS software, the TOSSIM simulator and the mica sensor network hardware. (6) TOSGUI [20] project is composed of modular components that can be used to create a customized application. The component architecture is tightly connected with the TinyOS operating system and its hardware platform.
(7) MSR Sense [21] project is used for collection of data from sensor network, but the visualization is not performed in real time as the software is platform dependent.
(8) Trawler [22] is application from Mote IV and is well suited for monitoring small sized WSNs but, as the size increases the current network state becomes less apparent.
(9) Self-developed Sensor Network Analysis and Management Platform (SNAMP) [19] is a novel multi sniffer and multi-view visualization platform for WSNs. The data emitted by individual sensor nodes is collected by a multi-sniffer collation network and is passed to a flexible multiview visualization mechanism. It indicates network topology, sensed data, hardware resource depletion, and other abnormalities in WSNs to allow developers to add application specific visualization functions.
(10) Mesh Netics [23] provides the network topology, sensed data and the signal quality between the nodes. It automatically generates network topology diagrams when nodes are detected and added to the system. These nodes are then regularly monitored and the sensed data is displayed in charts and tables on a PC screen. It features an XML-based framework for rapid customization of user interfaces to measure sensed parameters.
(11) Mica Graph Viewer (MGV) [24] provides 2D visualization and monitoring of WSNs. Table 1 . In addition, it can be used to monitor sensor integrated platforms such as the mote security detection system and mote environmental monitoring system. 
In equation (1) and equation (2), R is the mean radius of earth and its value is 6371 Kilometers.
The value of C is calculated according to equation (3) .
The value of angle a, obtained from equation (4), is considered in radians to pass to trigonometric functions. a = sin² (Δ latitude/2) + cos (latitude 1 ). cos (latitude 2 ). sin² (Δ longitude/2)
The difference between latitude and longitude, Δ is obtained from equation (5) and equation (6) respectively.
Δ latitude = latitude 2 − latitude 1
Δ longitude = longitude 2 −longitude 1 (6) This formula does not take into account the non spherical (ellipsoidal) shape of the Earth. It tends to overestimate trans-polar distances and underestimate trans equatorial distances. The radius of the earth (6373 kilometers) is optimized for locations around 39 degrees from the equator (roughly the latitude of Washington, DC, USA). 
VII. CONCLUSIONS AND FUTURE WORK
In this paper we implemented a localization scheme for WSNs using IRIS XM2110 motes in scenarios where manual deployment is possible. The results show that the deployed motes estimate the relative values of latitude and longitude. The distance between the deployed motes was calculated using the Haversine formula. This represents an improvement over our previous work demonstrating more precise and feasible deployment of motes in outdoor environments.
The proposed scheme is consistent as the motes run in a low power mode and communicate wirelessly with the gateway connected to the PC. The IRIS XM2110 motes provide critical 
